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Introduction

 A Study Item for Indoor Positioning Enhancements for UTRA and LTE was approved at RAN Plenary #64, which includes evaluation of RAT independent positioning technologies, including Terrestrial Beacon Systems (TBS) [1].  At RAN1#78bis, a work plan was presented for information [2].  The objectives for completion in RAN4#75 include studying coexistence issues if applicable for any identified positioning scheme.  

At RAN4 #75 in Fukuoka, in R4-153509 [3] OOBE from MBS (TBS Option 2) beacons into 3GPP bands was discussed and a TP proposed in R4-153510 [4]. During the meeting it was suggested that blocking also needed to be addressed as part of the coexistence analysis [5]. 

This document is a text proposal for TR 37.857.
Discussion 
TBS Option 2 blocking of 3GPP downlinks was discussed in R4-154425 [6].  Three different approaches were taken to study the impact of a TBS Option 2 beacon blocker on 3GPP UEs: 1) comparing a TBS Option 2 beacon with a 3GPP downlink, 2) examining UE duplex filter characteristics to estimate blocking performance with a blocker in the MLMS band compared to an in-band blocker, and 3) examining blocker testing data that was done for 1900 MHz devices. With each approach it has been shown that there is sufficient margin to handle an MBS beacon signal with 70 dB of MCL. 

Observation 1: MBS Beacon transmit power and EIRP are lower than the maximum LTE wide area BS transmit power and EIRP, and DL-DL coexistence is widely accepted as a non-issue.
Observation 2: A Band 5 or Band 26 UE that can meet the in-band blocking requirement of -44 dBm should have 10 dB of margin to handle a -30 dBm MBS beacon blocker given the duplex filter will provide at least 24 dB of attenuation in the M-LMS band.

Observation 3: 1900 MHz band testing in 
R4-112261 [9] showed that UEs can handle DL blockers of at a minimum of -10 dBm 20 MHz above the upper edge of the band. This is 20 dB higher than the -30 dBm blocker level calculated for an MBS Beacon.
In support of the TBS Option 2 to 3GPP downlink blocking analysis, lab measurements were made for UE blocking and the results were presented in R4-154427[7]. The measurements support the DL blocking analysis in R4-154425. Tests were conducted with a 10 MHz LTE carrier at the top of Band 5, and a CW blocker at 920 MHz, or “GPS” blocker at 920.773 MHz. The following observations were made:

Observation 1: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker at 920 MHz that was at least 29 dB stronger than the minimum required blocker specified for a desired signal at reference sensitivity plus 6 dB.

Observation 2: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker with at least 15 dB of margin relative to the -30 dBm signal from an MBS beacon assuming 70 dB MCL as described in R4-154425 [6]. 

Observation 3: With the desired signal 6 dB above measured sensitivity, the UEs could all handle a CW blocker at least -1 dBm, 43 dB better than the minimum requirement with the desired signal 6 dB above reference sensitivity.

Observation 4: With the desired signal 6 dB above measured sensitivity, the UEs could all handle an unfiltered “GPS” blocker at 920.773 MHz of at least -14 dBm, leaving at least 16 dB of margin relative to the -30 dBm that could be expected from an MBS beacon as described in R4-154425 [6].

TBS Option 2 (MBS) blocking of 3GPP uplinks was discussed in R4-154426 [8], where the following observations were made: 

Observation 1: Base stations with Rx filtering to protect their uplink from co-located Band 5 or Band 26 downlink transmissions also have roughly the same protection from MBS beacon transmission in the M-LMS band.

Observation 2: Base stations that are co-located with MBS beacons in the M-LMS band need to have uplink protection that exceeds the minimum general blocker requirements based on MCL analysis. 

Observation 3: Co-location protection for Band 5/26 will give a 3GPP base station adequate protection from a co-located MBS beacon in the M-LMS band based on 30 dB MCL for co-located base stations. 

Observation 4: An MBS beacon would need to be at least 82 meters away from a 3GPP BS that only meets the general blocking requirement if the two are in direct line of sight.  
Observation 5: 3GPP base stations with co-location protection from the Band 5/26 downlink can operate within 2.4 meters of an MBS M-LMS band beacon even if the two are in direct line of sight.

Observation 6: A UTRA or E-UTRA BS that only meets the general blocking requirement beacon would need to be at least 206 meters away from a Band 5 or Band 26 BS if the two are in direct line of sight.

Further, simulation results for co-location and cell-edge deployment strategies with TBS Option 2 were provided in R4-155379 [10].
Summary
This contribution proposes text for the indoor positioning Study Item Technical Report, TR 37.857. It is proposed that the MBS uplink and downlink coexistence analysis be summarized in the TR. 
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7.2.1.4
Terrestrial Beacon Systems (TBS) Impacts

For determining specification impacts, TBS positioning technologies may be classified into 3 categories as follows, based on where the UE location computation takes place and the origin of the measurements or assistance information.  

· Standalone positioning (autonomous) – The UE performs TBS measurements and location computation without network assistance.  

· UE-assisted positioning – The UE provides TBS position measurements to the network for computation of a location estimate by the network. The network may provide assistance data to the UE (to help or enable position measurements).  

· UE-based positioning – The UE performs TBS position measurements and computation of a location estimate. The assistance data for one or both of these functions may be provided to the UE by the network.

7.2.1.4.1
Architecture Impacts

TBS positioning technologies should leverage the existing LCS architecture defined in TS 23.271[26], with no impacts to the high-level system architecture specifications.  TBS technologies should also re-use the interfaces and procedures in TS 36.305 [27] Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN with the addition of identification of TBS as a positioning method.

7.2.1.4.2
Messaging/Protocol Impacts

LPP (LTE Positioning Protocol) defines the messaging to support emergency positioning support.  TBS positioning methods should leverage the existing procedures and messages as described in TS 36.355 [19]

.  Specification changes required to support TBS in LPP consist primarily of information elements for Terrestrial Beacon Systems to support:

· UE capabilities negotiation, e.g. UE Capabilities indicate support of TBS (and TBS assistance) for various TBS systems (TBS Option 1, TBS Option 2)

· Assistance Data specific to TBS-based positioning 

· Identify which technology was used in UE position fix and TBS measurements, e.g. Provide Location Information indicates that it was calculated using TBS.

For specification impacts, see tables below for E-UTRA impacted specifications:

Table 9.2.1.2-1: TBS E-UTRA Specification Impacts

	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 36.355
	2. References
	Addition of references for TBS supporting information.

	TS 36.355
	3.2 Abbreviations
	Additional abbreviations added for TBS positioning

	TS 36.355
	6.3 Message Body IEs
	Addition of TBS IEs for RequestCapabilities, ProvideCapabilities, RequestAssistanceData, Provide AssistanceData, RequestLocationInformation, and ProvideLocationInformation

	TS 36.355
	6.5 Positioning Method IEs
	Additional IEs specific to TBS positioning technologies

	TS 36.305
	2. References
	Addition of references for TBS supporting information.

	TS 36.305
	3.2 Abbreviations
	Additional abbreviations added for TBS positioning

	TS 36.305
	8.
Positioning methods and Supporting Procedures
	Information to be transferred to/from the UE and E-SMLC, re-use of existing Capability transfer procedure, assistance data transfer procedure, and location information transfer procedure.


To enable TBS positioning in UMTS control plane location, RRC [28], PCAP [29], RANAP [30], and TS 25.305 [31] protocols may be updated (e.g., UE capabilities, assistance data delivery, TBS measurement reporting).

Table 9.2.1.2-2: TBS UTRA Specification Impacts

	Impacted Specifications
	Impacted Sections
	Proposed change

	TS 25.331 [28]
	2. References, 3.2 Abbreviations, 9, 10, 11 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information. 

	TS 25.453 [29]
	2. References, 3.2 Abbreviations, 9 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information.

	TS 25.413 [30]
	2. References, 3.2 Abbreviations, 9 Positioning Method IEs
	Addition of references, abbreviations, and information elements for TBS supporting information.

	TS 25.305 [31]
	2. References, 3.2 Abbreviations, 4.3 Standard Positioning Methods
	Addition of references, abbreviations, and TBS supporting information.


7.2.1.4.5
TBS Option 2 Coexistence
7.2.1.4.5.1 TBS Option 2 blocking analysis of 3GPP downlinks

TBS Option 2 (referred to below as MBS) blocking of 3GPP downlinks was discussed in R4-154425 [35]. The following observations were made:

· Observation 1: MBS Beacon transmit power and EIRP are lower than the maximum LTE wide area BS transmit power and EIRP, and DL-DL coexistence is widely accepted as a non-issue.

· Observation 2: A Band 5 or Band 26 UE that can meet the in-band blocking requirement of -44 dBm should have 10 dB of margin to handle a -30 dBm MBS beacon blocker given the duplex filter will provide at least 24 dB of attenuation in the M-LMS band.
· Observation 3: 1900 MHz band testing in R4-112261 [38] showed that UEs can handle DL blockers of at a minimum of -10 dBm 20 MHz above the upper edge of the band. This is 20 dB higher than the -30 dBm blocker level calculated for an MBS Beacon.
In support of the TBS Option 2 to 3GPP downlink blocking analysis, lab measurements were made for UE blocking and the results were presented in R4-154427 [37]. The measurements support the DL blocking analysis in R4-154425. Tests were conducted with a 10 MHz LTE carrier at the top of Band 5, and a CW blocker at 920 MHz, or “GPS” blocker at 920.773 MHz. The following observations were made:
· Observation 1: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker at 920 MHz that was at least 29 dB stronger than the minimum required blocker specified for a desired signal at reference sensitivity plus 6 dB.

· Observation 2: With the desired signal at measured sensitivity, all of the tested UEs could handle a CW blocker with at least 15 dB of margin relative to the -30 dBm signal from an MBS beacon assuming 70 dB MCL as described in R4-154425 [35]. 

· Observation 3: With the desired signal 6 dB above measured sensitivity, the UEs could all handle a CW blocker at least -1 dBm, 43 dB better than the minimum requirement with the desired signal 6 dB above reference sensitivity.

· Observation 4: With the desired signal 6 dB above measured sensitivity, the UEs could all handle an unfiltered “GPS” blocker at 920.773 MHz of at least -14 dBm, leaving at least 16 dB of margin relative to the -30 dBm that could be expected from an MBS beacon as described in R4-154425 [35].

7.2.1.4.5.2 TBS Option 2 blocking analysis of 3GPP uplinks

TBS Option 2 (MBS) blocking of 3GPP uplinks was discussed in R4-154426 [36]. The following observations were made :
· Observation 1: Base stations with Rx filtering to protect their uplink from co-located Band 5 or Band 26 downlink transmissions also have roughly the same protection from MBS beacon transmission in the M-LMS band.

· Observation 2: Base stations that are co-located with MBS beacons in the M-LMS band need to have uplink protection that exceeds the minimum general blocker requirements based on MCL analysis. 

· Observation 3: Co-location protection for Band 5/26 will give a 3GPP base station adequate protection from a co-located MBS beacon in the M-LMS band based on 30 dB MCL for co-located base stations. 

· Observation 4: An MBS beacon would need to be at least 82 meters away from a 3GPP BS that only meets the general blocking requirement if the two are in direct line of sight.  

· Observation 5: 3GPP base stations with co-location protection from the Band 5/26 downlink can operate within 2.4 meters of an MBS M-LMS band beacon even if the two are in direct line of sight.

· Observation 6: A UTRA or E-UTRA BS that only meets the general blocking requirement beacon would need to be at least 206 meters away from a Band 5 or Band 26 BS if the two are in direct line of sight.
MBS beacon to 3GPP BS coexistence issues may be avoided by proper site engineering, in addition to the assumptions of a sufficiently large enough frequency separation and feasibility of the required filtering.
7.2.1.4.5.3 TBS Option 2 Co-existence Simulations
Simulation results for co-location and cell-edge deployment strategies  with TBS Option 2 were provided by one company R4-155379 [39]. 

The following observations were made:

· Observation 1: Deploying beacons co-located with eNodeBs is a most challenging scenario and requires sufficient filtering, assuming the frequency separation is large enough, and may also require site solutions in some cases.

· Observation 2: For OBIR≥40 dB the figures indicate that the DL throughput degradation is below 5% and the degradation in the 2nd best DL SINR is 1 dB or less.
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